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2D-FT NMRI and spectroscopy 

2D-FT Nuclear magnetic resonance imaging (2D-FT NMRI), or two-dimensional Fourier transform nuclear 
magnetic resonance imaging (NMRI), is primarily a non-invasive imaging technique most commonly used in 
biomedical research and medical radiology to visualize structures and functions of the living systems and single 
cells. The physical principle^ is essentially the same in N(MRI), nuclear magnetic resonance, FT (NMR) 
spectroscopy, topical NMR, or even in electron spin resonance (ESR); however, the details are significantly different 
at present for ESR, as only in the early days of NMR the static magnetic field was scanned for obtaining spectra, as it 
is still the case in many ESR spectrometers. NMRI, on the other hand, often utilizes a linear magnetic field gradient 
to obtain an image that combines the visualization of molecular structure and dynamics. It is this dynamic aspect of 
NMRI, as well as its highest sensitivity for the *H nucleus that distinguishes it very dramatically from X-ray CAT 
scanning that 'misses' hydrogens because of their very low X-ray scattering factor. 



Chemical Shifts 

NMR is a very useful family of 

techniques for chemical and 

biochemical research because of the 

chemical shift; this effect consists in a 

frequency shift of the nuclear magnetic 

resonance for specific chemical groups 

or atoms as a result of the partial 

shielding of the corresponding nuclei 

from the applied, static external 

magnetic field by the electron orbitals 

(or molecular orbitals) surrounding 

such nuclei present in the chemical 

groups. Thus, the higher the electron 

density surrounding a specific nucleus 

the larger the chemical shift will be. 

The resulting magnetic field at the 

nucleus is thus lower than the applied external magnetic field and the resonance frequencies observed as a result of 

such shielding are lower than the value that would be observed in the absence of any electronic orbital shielding. 

Furthermore, in order to obtain a chemical shift value independent of the strength of the applied magnetic field and 

allow for the direct comparison of spectra obtained at different magnetic field values, the chemical shift is defined by 

the ratio of the strength of the local magnetic field value at the observed (electron orbital- shielded) nucleus by the 

external magnetic field strength, EL / EL. The first NMR observations of the chemical shift, with the correct 

loc 0 

physical chemistry interpretation, were reported for F containing compounds in the early 1950s by Herbert S. 
Gutowsky and Charles P. Slichter from the University of Illinois at Urbana (USA). 

A related effect in metals is called the Knight shift, which is due only to the conduction electrons. Such conduction 
electrons present in metals induce an "additional" local field at the nuclear site, due to the spin re-orientation of the 
conduction electrons in the presence of the applied (constant), external magnetic field. This is only broadly v similar' 
to the chemical shift in either solutions or diamagnetic solids. 
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Two-dimensional Fourier transform imaging and spectroscopy 

2D-FT analysis is a very powerful method for both NMRI and two-dimensional nuclear magnetic resonance 
spectroscopy (2D-FT NMRS) that allows the three-dimensional reconstruction of polymer and biopolymer 
structures at atomic resolution 1 for molecular weights (Mw) of dissolved biopolymers in aqueous solutions (for 
example) up to about 50,000 MW. For larger biopolymers or polymers, more complex methods have been developed 
to obtain limited structural resolution needed for partial 3D-reconstructions of higher molecular structures, e.g. for 
up 900,000 MW or even oriented microcrystals in aqueous suspensions or single crystals; such methods have also 
been reported for in vivo 2D-FT NMR spectroscopic studies of algae, bacteria, yeast and certain mammalian cells, 
including human ones. 

2D-FT Definition 

A 2D-FT, or two-dimensional Fourier transform, transforms a function of two temporal variables into a function of 
two frequency variables. In MRS the frequencies relate to the resonant frequency offsets caused by chemical shift or 
J-coupling. In MRI a resonance frequency offset is introduced as a function of position; the frequency variables in 
the Fourier transformed time-data correspond to spatial location in the final image J 4 ^ 

Example 

A 2D Fourier transformation and phase correction is applied to a set of 2D NMR (FID) signals: s(t 1? t 2 ) yielding a 
real 2D-FT NMR v spectrum' (collection of ID FT-NMR spectra) represented by a matrix S whose elements are 

S (z/ 1? z/ 2 ) = Re j j cos^t^exp^ 2 ^ s(t 1 ,t 2 )dt 1 dt 2 

where ^iand ^denote the discrete indirect double-quantum and single-quantum(detection) axes, respectively, in 
the 2D NMR experiments. Next, the covariance matrix is calculated in the frequency domain according to the 
following equation 

C O^) = S T S = ^[S(j/i,^)S(z/ 1? z/ 2 )L 

with z/ 2 1^9 ta king all possible single-quantum frequency values and with the summation carried out over all 
discrete, double quantum frequencies V\ . 

Brief explanation of NMRI diagnostic uses in Pathology 

As an example, a diseased tissue such as a malignant tumor, can be detected by 2D-FT NMRI because the hydrogen 
nuclei of molecules in different tissues return to their equilibrium spin state at different relaxation rates, and also 
because of the manner in which a malignant tumor spreads and grows rapidly along the blood vessels adjacent to the 
tumor, also inducing further vascularization to occur. By changing the pulse delays in the RF pulse sequence 
employed, and/or the RF pulse sequence itself, one may obtain a 'relaxation — based contrast', or contrast 
enhancement between different types of body tissue, such as normal vs. diseased tissue cells for example. 
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• Nuclear magnetic resonance 
(NMR) 

• Edward Mills Purcell 

• Felix Bloch 

• Medical imaging 

• Paul C. Lauterbur 

• Magnetic resonance 
microscopy 

• Peter Mansfield 

• Computed tomography (CT) 



Solid-state NMR 
Knight shift 

John Hasbrouck Van Vleck 
Chemical shift 
Herbert S. Gutowsky 
John S. Waugh 

Charles Pence Slichter 

Protein nuclear magnetic resonance 

spectroscopy 

Kurt Wuthrich 

Nuclear Overhauser effect 

Fourier transform spectroscopy(FTS) 

Jean Jeneer 

Richard R. Ernst 



• FT-NIRS (MR) 

• Magnetic resonance 
elastography 



Relaxation 

Earth's field NMR 
(EFNMR) 
Robinson oscillator 
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External links 

• Cardiac Infarct or "heart attack" Imaged in Real Time by 2D-FT NMRI [13] 

• Interactive Flash Animation on MRI ^ - Online Magnetic Resonance Imaging physics and technique course 

• Herbert S. Gutowsky 

• Jiri Jonas and Charles P. Slichter: NMR Memoires at [[NAS [15] ] about Herbert Sander Gutowsky; NAS = 
National Academy of Sciences, USA, ] 

• 3D Animation Movie about MRI Exam tl6] 

ri7i 

• International Society for Magnetic Resonance in Medicine 

• Danger of objects flying into the scanner ^ 



Related Wikipedia websites 

• Medical imaging 

• Computed tomography 

• Magnetic resonance microscopy 

• Fourier transform spectroscopy 

• FT-NIRS 

• Chemical imaging 

• Magnetic resonance elastography 

• Nuclear magnetic resonance (NMR) 

• Chemical shift 

• Relaxation 

• Robinson oscillator 

• Earth's field NMR (EFNMR) 

• Rabi cycle 

ri9i 

This article incorporates material by the original author from 2D -FT MR- Imaging and related Nobel awards on 
PlanetPhysics ^ 20 \ which is licensed under the GFDL. 
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